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(57}Abstraet: 

PROBLEM TO BE SOLVED: To provide a nitride compound 

semiconductor laminate that Is useful to a light-emitting device such as 1 
a semiconductor* laser and a light-omitting diode. 0 
SOLUTION: fa a nitride compound semiconductor laminate 10, a middle j£ 
layer 12 of a nitride compound semiconductor containing carbon as 
impurities is formed on a first crystal layer 1 1 comprising a nitride 
compound semiconductor, and a second crystal layer 13 comprising the 
nitride compound semiconductor Is formed on the middle layer 12. The 
nitride compound semiconductor is GaN or the like. Typically, the first 
crystal layer 11 is a single crystal layer, and the second one 13 is an 
epitaxial growth layer. The surface of the crystal layer 1 3 is extremely 
smooth, and contributes to the improvement of characteristics in a 
light-emitting device. 
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Mn the drawings, any words are not translated. 



CLAIMS 



[OlaimCs}] 

[Claim 1 jit Is directly formed on the 1st crystal layer that consists of nitrogen compound eemiooriductprs, and 
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said 1st crystal layer, nitrogen compound s^micondMOtpr laminated material provided with the: Z$4 crystal 
layer that is dlreolly formed on an interlayer who consists of a nitrogen oompound s ; emiwildyctor which contains 
carbon as m Impurity, and mid interlayer* and consists of nitrogen ^omp^und samte0n<fcotors> 
[Claim 2]f he nitrogen compound samioonduotar laminated material according to claim ! iawhksh said interte^ers 
ihfekness Is characterised by not less than 5~nm being §00 nm or less. 

[Gam 3]Ihe nltrepn compound s^mfeonduotor laminated mM^mmrdmgiQ claim 1 irrwhioh said jnteHw^s 
thickness la oharaoterbed by not lass than being 200 nm or hss< 

[Claim 4]NitrDgen mtnpmnd semiconductor laminated material given in any 1 paragraph of claims 1^3, wherein 

concentration of said carbon m said interiayer of more than 5x1 0 l8 c#"" v> Is below 5x10 z *Qttf 4 . 
[Claim SjSaid 1st crystal layar Is what uses gaflium and nitrogen as the main Ingredients, Nitrogen compound 
semiconductor laminated material gwm In. any 1 paragraph of claims 1-4, wherein said Interfeye^s nitrogen 
compound semiconductor Is chosen from a group which consists of QaN and : al ummumvCl^ t N , (0 <~x<^ 1 }, 

[Dlaim 6]Nitrog@n compound semiconductor laminated m&tenat given In any 1 paragraph of oiaims 1^4 which said 
1st crystal layer uses gallium and nitrogen as the main ingredients, and is ohara Gierke! by said htarfayer ; s 
nitrogen oompoun d senioonduoior being alumlnum^Ga 1 M CQ<~x<~QJ5, 

iQMm IjNltrogen compound semiconductor laminated material given in any 1 paragraph of claims t-ft wherein 
said 2nd crystal layer Is an epitaxial growth layer, 

[Claim SjIHe nitrogen compound semiconductor laminated material according to claim f being an epitaxial wafer 
for forming an element on It 

[Claim SjThe nitrogen oompound semiconductor laminated materia! according to claim |> wherein surface 
roughness Ra of said 2nd crystal layer Is 30 nm or less, 

[Glaim 10] A light emitting d mice equipping a faminated^str^cture thing for produomg optical power from electric 
power which Is formed on nitrogen compound semiconductor lammated material given in any ^ paragraph of 
claims HI and said 2nd crystal layer, and eonsiats of nitrogen oompound sMidonduqtors, and saldlarnpated^ 
structure thing with an ebotrode for supplying electric power 

[Claim lljThe light emitting device according to claim 10 being a semiconductor feser 

[Claim 1 2] An optical pickup system equipping an optical system wfch the light emrttmg device according to oMm 
1 1 as a device for supplying fight 

[Claim 1 3]A supply source of the 3rd group element [ in / to a 1st crystal la^er top which consists of Jiitrogen 
compound semiconductors / a carbonaceous supply source and the periodic table X And suspend supply of a 
supply source to the 1st process of forming a nitrogen compoynd semiconductdr which contains carbon as en 
Impurity and a supply source of said carbon of nltrogan, and said 1st process Is : followed, A roanuf&cturmg 
method of nitrogen compound semiconductor laminated material provided with the End process of for ruing the 
2nd crystal layer that consists of nitrogen compound semiconductors from a supply source of the 3rd group 
element In the periodic tabic, and a supply source of nitrogen. 

[Claim 14]The manufacturing method according to claim 13 r wherein said 1st process and said 2nd process are 
performed by metahorganie chemical vapor deposition. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

(Field of the InventbnjThis invention relates to the manufacturing method of the optics! pickup system which 



mm the fight -emitting device which uses the laminated materia! which consists of nitrogen compound 
semleonduotors; a^d this laminated .material "and this light emitting device, and this laminated .material 

mm 

[Desenptkm of the -.Prior ArtjResearoh and development of alight emitting device and a high power device are 
progressing using the characteristic of a nitrogen compound semioondustpr. For example Jn the ease of a light 
emitting device, a light emitting device with wide width from, purple to ^aoge ,a^n be- t6#>nfeally pbtais>ed by 
adjusting the presentation of the nitrogen compound semiconductor to he used In recent years, using the 
charaqtanstb of a nitrogen eornpou nd sem icon duotor, utilization of a blue. iight~amlttfng diode and a green Hghi 
emitting diode Is made, and the hi.ue-purpte color semiconductor laser Ms been devefepBd as a eemicdnduofcor 
laser element 

[0003j#he?r manui2Gturing a nitrogen compound samlconduotor film, substrates, suoh as sapph^e, SICX a spinal. 
Si, GaAs, and GaN, are used as a substrate. For example, when using sapphire as a ^ubitrate, before growing a 
CSia^ film epitaxialiy, the buffer layer of QaN or MH h beforehand formed on a substrate at low temperature (500 
~ §00 

Then^ if tamperatum up of the substrate Is earned out to an elevated temperature (1000 - 1 100 and a 
nitrogen compound semicdnductor film is grown epttaxiafiy* the thing with a sufficient s#&e& state acquired for 
a good crystal structurally and electrically is known. 

When using SIC as a substrate, it is known that it is good to use a thin MH rM m a buffer layer at the: 
temperature which gr^ws epitaxialiy, 

[OOQ43However, If substrates other than a nitrogen compound semiconductor are used, many defects exist in the 
mtrogen compound semiconductor manufeotured by the difference of a coefficient of thermal expansion from the 
nitrogen compound semiconductor film and substrate which grow, and the difference in a grating constant The 
defect density also becomes abbraMatbn 2x10 /om^ 2 ~ 1x10 ^mf* In total The rearrao|ement of such a large 
number carries out the irep of the career which controls eiactncai conduction In semioondiictor memhrane, for 
example, spelling the electrical property of the man ufeotured fiim is known, and also causing the fall of a life is 
known in light emitting devices, such as laser which sends a high current Therefore, in order to :r©tfcrcfra lattice 
defect and to make an aleotneal property good, using techniques, such as hydride vapor phase growth (H~VPE)> 
a high vofege synthetic method, the sublimating method, the thick film of nitrogoo compound semiconductors, 
such as GaN. is formed, and to use this thick film as a substrate is tried, 
[0005] 

[Problem(s) to be Solved by the Invention] However; on the substrata (it is hereafter caled a nitrogen compound 
semiconductor board) obtained from the thick film of a nitrogen compound semiconductor. If the crystal of a 
nitrogen compound semiconductor is newly grown up; the surface smoothness of a crystal surface may worsen 
as compared with the onglnal substrata face /This originates in the surface state of a nitrogen compound 
semiconductor board It Is known .that the surface of a thick nitrogen compound semiconductor film may have 
very small quantity gap m o shaft orientations and a shaft onantations. Therefore* if the crystal of a nitrogen 
compound semiconductor m grown up on a nitrogen compound semiconductor board, the stabi a side of crystal 




in a field may generate the light emitting device whose surface surface smoothness Is not good. In the optical 
piqkup system which the threshold current of the oscillation start became high in the laser device, or used the 
laser device according to such dfetributbn, the phenomenon in which a far ffeM pattern or a near-field pattern is 
not stabilized may ansa. 

[Q0063Ona purpose of this Invention is to provide the laminated materia! of a nitrogen compound semleonduoter 
with the Hat surface. 

[0O07jThe further purpose of this invention is to provide light emitting devices, such as a semiconductor laser 
and a light emitting diode, with useful nitrogen compound semiconductor laminated material 




[OOOilThe further purpose of this invention is to provide the method for f orming a flat crystal layer on the 
crystal of a nitrogen compound semiconductor, 

mm 

TMeans for Solving the Problem]!^ order to solve an ^oremeiltioned problem, when gro^ng. a nitrogen compouno 
semiconductor apitasiafy on a suhsirite Jt Is necessary to unify a stable crista! feoe iMMsfc&liy pnereted from 
an infinitesimal area In this board to a uniform direction, When this invention persons grew up a crystal layer of a 
nitrogen compound semioonductor on a substrate to this teohnlcar problem via a nitrogen compound 
semicenductir iayerhy which carbon was doped, it finds put that a orystai layer which has the wry flat surfaoe 



h ®btmmd< md mm& tc complete thss Invention. 

[001 Ijlt is = -provided by nitrogen compound samteortductor fambated materia! by this invention, and this bnilnated 
.material, It has fee 2n<i crystal layer that is diractiy formed on an intarlayer who consists of a nltmgsn 
compound sembonduotor which Is dlrsstiy formed on the 1st crystal layer that consists of nitrogen compound 
s«mioondoctors,- an<l th^- 1st orystaMay^ &rsd contains carbon as an impurity, and an inteHayer, and consists of 
nitrogen compound semiconductors. 

[0012]In bminated material by this trwantic.n,. mfor.m rnteriayer^iiiteknesS;, not less than S nm 500 nm or tess 
k preferred and not less than 10 nm its 200 rm or less k. m.cm p^ferred M far concentration of carbon in an 
interiayer, It is preferred that mora than 5x10 ^crrT 3 is below 5x10 ^om w<5 . 

[001 3]ln this Inventbn, the 1st orysta! layer can uae g&ilpm and nitrogen as the main ingredients. In this case, as 
for m loteriayers n^trofen compound semteonductor t it is preferred to have been chosen out of a gmup which 
consists of Ga.N and alummum Ga ^ (0<~x<~1 X A!'£3§?i. art Interlayer's nitrogen c0mpound semfeonduotor 

has more preferred abmlnom x Oa|_ x N CO^x^OvS), In these nitrogen, compound semlco^duotors. carbon can be 

added sffeientJy. 

[QOI4]TypbaIIy m laminated material by this invention, the 2nd crystal layer \$ m epMai growth layer. 
Laminated material of thi s Invention may be provided as an epitaxial w#fer for forming m . element on On 
laminated material or an epitaxial, wafer,, surface rou#iness Ra of the 2nd crystal layer m 30 nm or less typfca?[y> 
[00 15] A; laminated-stmctore thing for producing optical power -from electric power whfch a %fit emitting device 
k provided by this mventlon, and this Hgbi emitfebg davloe is formed on the 2nd [ of nitrogen compound 
semiconductor laminated materiai mentioned above and this laminated material 1 crystal kyer, and consists of 
nitrogen compound semi scnductors, and a laminated^stmcture thing are equipped with an electrode for 
supplying electric power > This light emitting device is a semiconductor laser, for example, 
[pOIBlAo optbel picfep system is provided by this invention, and this system is provided with a fight, emitting 
device by this invention, especially a semiconductor laser as a device for supplymg lighl to an optica! syst^m> 
[001 7] A manufacturing method of nitrogen compound semiconductor laminated materia;! provided by this 
m vent? on. This manufacturing method on the 1st crystal Ja^er that consists of nitrogen compound 
semiconductors A carbonaceous supply source, From a supply source of the 3rd group element In the periodic 
table, amd.a supply source of nitrogen, $uepen<l supply of a supply source of the 1st process of forming a ; 
nitroten oompound semieonduotor which contains carbon as an ^purity, and this carbon, and the 1st process Is 
folio wed; It h 83 the 2nd process of fdrmmg the 2nd crystal layer that consists cf nitrogen compound 
semiconductors from a supply source of the 3rd group element in the periodic tabfe, and a supply source of 
mtrogea As for the 1st procees and 2nd process, In this manufacturing method, it \s preferred to be carried out 
oy nte-.as <3>gan;u A-nams^ai vapor deposition. 
[0018] 

[Embodiment of the InvsntionjTypieaify, the laminated material by this invention has structure as shown In 
few»M.L to the nitrogen ecmpound semiconductor laminated material 10, on the 1st crystal layer 11 that 
consists of nitrogen compound .semiconductors, the interiayer 12 of the nitrogen compound semiconductor which 
contains carbon as an impurity is formed, and the 2nd crystal layer 13 that consists of nstrcsgcn compound 
semiconductors is formed on it The Interiayer 12 is in contact with both 1st and 2nd crystal layers. Generally, 
the interiayer 12 Is thinner than the 2nd crystal layer 13. The interiayer 12 has contributed the surface of the 
2nd crystal lay er 13 to making it smooth so that It may explain below. Typically, the 1st crystal layer is a single 
crystal layer, and the 2nd crystal layer is an epitaxial p-owth layer. 

[0019]!n the laminated material by this invention, the 1st crystal layer may he a nitrsfsn compound 
semiconductor b&m and may be formed on the substrate of others, such as sapphire. When the 1st crystal 
layer forms a substrate, the thickness is 20-2000 micrometers, for example, and Is 100-500 micrometers 
preferably. On the other hand, when the i at crystal layer is formed in other substrates, such as sapphire, the 
thickness Is 3-SOO micrometers, for example, and ss 10-200 mbrameters preferably. The 1st crystal layer can he 
formed from gallium nitride Indium nitride ShN), alumimium nitride (AIN), InGaN, AfGaN, InGaN, etc, 

Typically, the 1st crystal layer uses gallium and nitrogen as the main Ingredients, Especially GaN Is preferred to 
the 1st crystal layer. AICsaf*3, InQaN, InCSaAlfl, etc. have the nitrogen compound semiconductor with which a part 
of Qa in GaN was replaced by both aluminum, In, or them as a desirable material of the 1st crystal layer. The 1st 
crystal layer may contain the impurity of the suitable conductiyity type (typloally n type) by suitable: density. 
[0020]!n the laminated material by this invention; the Interiayer who consists of a nitrogen compound 
semiconductor which doped carbon has played the role which makes fist the surface of the 2nd crystal layer 
formed on li If the 2nd crystal layer Is provided on the 1st crystal layer via this Interiayer, the Stable crystal 
face generated in an inflnliesimal area, respectively can be unified, and the surface of the 2nd crystal layer can 



he made flat T^e very flat surface hung down even if It originates In this -Iriteriayer so that It may mention later 
reduces emission unevenne^ b a light emitting device, and may bring about a uniform luminescent 
characteristic and strong lummessenoe intanstty> 

[0021 Jin tile nitrogen compound semiconductor which forms m interiayer, QaH> aiummom^Qs^.^N (0< se<1.5 # 

There i5re Ia,Ga, JN (Q< y<lX AIM, tnN< In v Ga -aluminum*. ^ N (0<™x<™1/0<^<^i, Q<£x^<*1X etc, G*N and 

tlumrhMm^^ N C0<-k<^QJ) am more preferred as an interiayer's material The laminated material or tha 

element structure thing wrifeh Has the very flat surface mn be obtained by using, the nitropm compound 
semiconductor of the suitable presentation for an Interiayer so that it may mention Jat#r. In a light emitting 
device, the flat surface raises the homogeneity within a field of lymhescenoe Intensity,, and raises luminescence 
intensity. 

[0Q22|pn^ng 2 shows the result of having analysed the nitrogen oompound semioondyctor bmmatad material 
for a light, emitting devl.ee according to secondary fen .mass ^spectrometry {SIMS). In fewiM.lt the peak 
expresses the portion of the Interbyer who contains carbon as an impurity. Therefore, At goes* the nght~hsnd 
side of a peak expresses the 1st crystal layer :(f or example, QaN board), and the left-hand side of the peak 
expresses the 2nd crystal layer (for example, nitropo compound semiconductor layer for a light emitting dsvlcel 
Typfeally, the laminated material by this invention hm ihB structure with which carbon concentration sandwiched 
the notably high. inteHayer from those layers between the 1st crystal layer and the 2nd crystal layer, as shown In- 
drawing 2. It decreases as carbon concentration serves as a peak price In one position of tbe interl&yars (for 
example position of an Interiors middle) in there typically as distribution of the carbon concentration ;n an 
inteHayer is shown in drawing g and ft goes to the 1st and 2nd crystal layers from the point respectively. In this 
invention, although carbon concentration cancati an interbyer a notably high layer compared with the 1st and 
2nd crystal layers, the thickness may be difficult to specify as a value earned out dearly for distribution of 
carbon oonoentratfea So t this spaoffication defines the ^alue oateuiated as folbws as an Interiayer s thickness. 
First dfstrihutbn of the carbon concentration to the depth as shown in analysis is searched 

for* Subsequently, among the obtained charts, paying attention to the peak of carbon concentration, as shown in 
4mmg3> Peak width Chaff breadth) w of a portion which hits one half of the values of the maximum of a peak is 
defined as an inteHayer^ thickness {however, drawing; 3 can define thickness from the width of the portion which 
hits one half of values aooordlng to this, also when the vertical axis shows the example which is a Ikmw scale 
and is not B%marm$tei The maximum of a peak Is the height of the peak to a background. 
[QG23]!n this Invention, an inteHaysrs thickness is set up so that the orystailinlty of the 2nd crystai layer can be 
kept good. An interfeyers thickness is . generally 5 nm ~ m nm. md is 10 nm ~ 200 nm ; : preferably. By using the 
interiayer who has the thickness of these within the limits, in an infinitesimal area, a etata! face can lessen 
effectively influence formed if^m^ndB^ and the smooth surface can be effectively brought about to the 2nd 
crystal layer. If the 2nd crystal layer k formed on the interiayer who has the thickness of these within the felts, 
good orystaillnity and electrical property can be acquired, On the other hand, if an interiayer becomes e3cfcreme!y 
thin, the effect of Wmng about the smooth surface by integration of a crystal face become smalLIf m 
interiayer becomes extremely thick, the crystailinity of the 2nd crystal layer may worsen, 
C0024}The concentration of the carbon contained in an interiayer has 5x1 0 l8 crrf 3 ~ preferred 5x10 M om~*, 
Especially in an kfinltasNa! area, a crystai face can to ssen effective^ infiuance ferried independently, and this 
density range can bring about the smooth surface to the 2nd crystal layer effectively 
tmzmn this invention the 2nd crystal layer can he formed from gaium nitride (GaN), indium nitride (InN) f 
alumimfum nitride InS&M AIGaM, InGaAIM, etc. Typically, the 2nd crystal layer uses gaium and nitrogen as 
the main mgredients. Especially QaN is preferred to the 2nd crystal layer. AiQaM InGaN, InGaAiN, etc, have the 
nitrogen compound semiconductor with which a part of Ga in QaN was replaced by both aluminum, In, or them as 
a desirable materia! of the 2nd crystal layer. The 2nd crystal layer may contain the imparity of the suitable 
conducti vity type (typically n type) by suitable density, The thickness of the 2nd crystal layer Is 0 A -10 
micrometers;, for example, and is 1 ~§ micrometers preferably, 

i[C!O20]Manufacture of an element can be provided with the nitrogen compound semiconductor laminated material 
by this Invention as a useful wafer. In this case, the 2nd crystal layer is an epitaxy growth layer typiosliy. 
Surface roughness Ra h less than SO nm typically about the surface (surface of the 2nd crystal layer) of a wafer, 
and It is 28 rm or lass preferably* The range of surface roughness Ra is t^fim : 'ty@k^« and is 1-10 nm 
preferably, Surface roughness is arithmetical mean deviation of profile v and the length of measurement is 300 
micrometers typically 100 micrometers ~ 1 mm here, Ra described by this sample measured by performing a 
300~miemrneter scan using D ektak3 ST of Sloan, 

|p027]The nitrogen compound semiconductor laminated materia by this Invention can f^ usad for various 
alements containing light emitting devices, such as a light em^ng diode and a semiconduotor laser, a pawsr 



device, ete> Typically In these elements; the nitrogen compound semiconductor famm&iad materia! by this 
invention constitutes a board part- The nitrogen compound semiconductor laminated material by this invention 
can raise the dbpfay flatness of art element surface by leaps and bounds* and, as a result, can Improve the 
performance of an element 

[0Q28] Especially the light emitting device by this invention can have the light-emitting Surface whose display 
flatness Improved notably. In such a light emitting device, there is little emission distribution (emission 
unevenness) within a timid, end it may have a uniform luminescent characteristic. In such a light emitting devbe< 
the loss In propagation of light can he reduced and threshoid currant density can be lowered. In particular, m a 
quantum well type light emitting device, the improvement in such the characteristic is remarkable* can be 
obtained, and can obtain stable and strongiumineseenee intensity. A light emitting device contains the arbitrary 
elements which bring about optical power, There are a light emitting diode, a semiconductor laser, etc. In a 
typical light emitting device. Typically, this Invention is applied to double heterostrueture laser* especially a 
quantum way jaesr, 

[0029jConcrately, the light emitting device by this invention equips the laminate d^stry^ture thing for producing 
optical power from electric power which is formed on the nitrogen compound semiconductor laminated material 
mentioned above and its 2nd crystal layer, and consists of nitrogen compound semiconductors, and this 
iamlnated^stmcture thing with the electrode for supplying electric power. The iamlnatad w stru;otora thing for 
optical power contains a n type clad layer, an active layer, and a p type oiadiayar in double heterojunotlon 
structure. An active layer is a.qpaniurn well layer preferably. An electrode contains p electrode and n electrode. 
When using the nitrogen compound semiconductor laminated material by this Invention as a substrate, an 
electrode (typically n electrode) can be formed on the surface of the 1st crystal 

[p030}ThaJlght emitting device by this rnveritbn,. especially the . semiconductor laser are useful to an optical 
pickup system. The optical pickup system which has the above-mentioned light emitting device as a device for 
supplying light to an optica! system by this indention conoretely is provided An optica! system includes a 
suitable element according to a use. For example, an optical system contains the collimatmg tens which receives 
the light from a semiconductor laser, a diffraction grating, a polarization beam splitter, 1/4 wavelength plate, an 
object iens, and a photodeteotor. The usual thing can be used for an optical system. In an optical pickup system, 
the semiconductor laser (for example, semiconductor laser which has a cleavage piano) by this invention can 
form the stable far field pattern and ne&r-fiaid pattern of the GharaGtenstio. and can raise reading and the write- 
in mcimcy of a system. 

[0031 jThe nitrogen compound semiconductor laminated, material by this invention is especially effective when 
the thickness of the 1st crystal layer exceeds 100 micrometers. The minute crack generated at the time of 
manufacture and the concentrated raarrangament may exist In a nitrogen compound semiconduotor board (the 
1st crystal layer) with greater than 100 micrometers In thickness mostly. The experiment of this inventions 
showed that the interiayer containing carbon could reduce notably the influence of a minute crack or the 2nd 
crystal layer on a rearrangement 

[0G32]The nitrogen compound semiconductor laminated material by this invention Is especially effective to the 
1st crystal layer formed: with vapor phase growth. The unevenness whose surface roughness Re exceeds SO nm 
may exist in the surface of the. thick nitrogen compound semiconductor formed by vapor phase growth, such as 
the H^VPE method and the MOOVD method In the process In which a thick film Is obtained, this: unevenness; 
originates in a nitrogen compound semiconductor molecule condensing In the gaseous phase, When the crystal 
layer of a nitrogen compound semiconductor is directly formed on the surface which has unevenness, this 
unevenness is reflected In the surface of the orystai layer obtained m it is, or this unevenness Is amplified and it 
may appear. The experiment of this inventions showed that the mterlayer containing carbon reduced the 
influence of such unevenness notably, 

RX533]The nitrogen compound semiconductor laminated material by this Invention can be prepared by the 
following processes. First, the nitrogen compound semiconductor which contains carbon as an impurity is formed 
on the 1st crystal layer that consists of nitrogen compound semiconductors from the supply source of the 3rd 
•group element in a carbonaceous supply source and the periodic table, and the supply source of nitrogen. The 
1st crystal layer may be the nitrogen compound semiconductor board manufactured by vapor phase groMh etc, 
and may be formed on the substrate of others, such as sapphire, A carbonaceous supply source and the supply 
source of the 3rd group element can be used as the compound which can emit an element corresponding by a 
pyrolysls, respectively: for example, an organic compound, a halogenide> and a hydride, the compound to which 
the supply source of nitrogen can supply N by a pyroiysis — it can be preferably considered as ammonia (SIP 3 X 

Of this process, a carbon dope nitrogen compound semiconductor layer Is formed on the 1st orystai layer. 
Carbonaceous doping concentration can be actuated with the amount of supply and temperature of a carbon 
source. Subsequently, succeeding thk process* supply of a carbon source is suspended and the 2nd crystal layer 



that mn s?sts sf nitrogen compound semiconductors is formed from the supply souroe uf the 3rd group element, 
and the supply source of nitrogen. Although it m pmf^rmi that it % the earns as the tmm of formation of a 
carbon doped !^ source of the 3rd group element and/or the supply source of nitrogen, 

they may differ. The supply sourca of the 3rd different group element may be added/The 3rd typical group 
element used is Ga, alummum, and In. As. for tk^m processes* it is preferred to carry out by meta^orianto 
chemical vapor deposition, 

[0034] Hereafter* this invention Is expfelned still in detail based on an example, In the example of this liiyentlon, a 
nitrogen compound semiconductor board can be manufactured By hydride vapor phase growth (the HH/Pg 
method},. a high voyage synthetb method, the sublimating method, etc. Them are gallium r»tfi<fe-.(Q?N), indium: 
hitrld^: 0hM^. ^kmrnmrn nitride (AIM), InGafi AiGaN, InQaAIN, etc. in the matoriai of a nitrogen compound 
semioondystor hoard Typically, plpym nitride (GaN) is used Silicon (Si) t oNonne (00, magnes^m (Mg), oxygen 
(0), ate, are among the impurities doped by the nitrogen oompound semieonduotor board In order to 
manufacture an element, the doped nitrogen compound semi conductor board is often uised. The surfeoe of a 
substrate may be obtained with the manufacturing method :\m"iftrii^i&n»d ^boy^^Snd. may fee ground physically or 
chemically. When th# thickness of a nitrogen compound semiconductor exceeds 100 mferometers, only the 
semiconductor concerned can constitute a substrate. On the other hand, when the thmkness of a nitrogen 
compound semiconductor k 100 micrometers or less, the substrata with which the crystal layer of the nitrogen 
compound semlconduotor conoemed was formed on the ground which consists of sapphire etc, can ha meti 
p? aosy. 

[003S]^sn symmarizsi sxsmple 1, this example performed the following processes. The %M thick film in which 
Si was doped hy a thickness of 500 micrometers on silicon on sapphire was formed ssfeg the H~¥P£ method. 
The Qafi thick film was removed from silicon on sapphire, and was used as a nitrogen compound semieoridsictor 
hoard. On this ioard. the QaM film which contains carbon as m impurity, and the GaN film which has a thickness 
of about 4 micrometers were formed using metahorganic chemical vapor deposition (the MOCVD method), 
feapectsve^v^v rtsrOvdrvei , <s ccvasieQ p? oc-e«sS §s snuiCistec, 

[G036]Rrst the siiioon on sapphire of 2 Inch diameters which washed was Introduced into the H-VPE device, 
and it heated at 1000 **, After passing a part for 300 CC of hydrogen chloride (HC0 part [ for /] and 1000 CO of 
nitrogen gas CN ? Fwhich let the inside of the gallium (Ga) heated at 800 pass for about I S minutes to the 

substrate eurrently heated. Ammonia (NHS) was Introduced by 1 GOG-GO/, diehlorcsiiane (SiHgOig) was 

introduced by the flow for 1 OOnmoL/. and GaN was grown up on the substrate for about 2 hours. Sybsequently, 
supply of hydrogen chloride and dlchlorosilane was suspended and the temperature of the substrate was 
lowered. When: it became a room temperature, supply of ammonia was suspended, and the grown-up GaN film 
was picked out from the H-VPE device with silicon on sapphire. Thus, as for the GaN film on grown-up sapphire, 
the most exfoliated automatlcaiiy at the time of a temperature fall for the thermal expansion difterence cf 
sapphire and GaN, The GaM film which carried out natural detachment was about 4SO-I0O micrometers m 
thickness. The rear face of the GaN thick film produced by making it above {side in contact with sllleen on 
sapphire.) a foil owing and GaN substrate rear — calling — since onevenness was Intense, it ground level using 
diamond powder. The surface of a GaN thick film (field which counters the above-mentioned rmrf&m)a 
following and GaN substrate face ~~ calling - although unevennoss of the shape of a minute hexagon head was 
generated sparsely, most was a mirror plane visually (this obtained substrate is hereafter called a GaN board). 
[0037]Next t after washing a GaN board using acetone and eihanoi. it introduced into the MOGVD system, and 
the GaN film containing carbon and the GaN film which has a thickness of shout 4 micrometers were grown up 
one by one in the procedure shown below on the surface of a GaN board. Hereafter, it expiains, referring to 
drew^ng 4> -Firsts temperature up wes o 3 rHed out to the temperature of 80Q over the ume $or 8 bout Id 
minutes, passing a part for SQ00 oe of nitrogen part £ for /l and 1000 oo of h^drogen/to the GaN board 201 set 
in the MOGVP system/ At tnat tirne, when temparatur a exceeded 400 .** so that GaN rmght not decompose with 
heat, ammonia was Introduced by 400Q~oc the flow for /. When temperature amountad to 800 **, 
trimethylgaifmm was introduced by SGmioromol/as a raw material far the 3rd group element, oar&orr 

tetrabroroida (08^) was introduced by the How for ^Omioromol/as a carbon material* r#spective^ and SaN film 

202 which carried out earbon doping was grown up by a thickness of about 20 nm, TMi supply of carbon 
tatrabromlde was suspended, temperature up of the temperaturB of a substrate was oerried out to 1050 . the 
amount of supply of trlmethvlgaOium was inoreasad to a part for lOQmiarornol/, and growth of GaN fifmlCE was 
Eagun oontiniiously. Thus, GaN film 204 about 4 mterometers thick was grown up over 1 hour. Alter growth was 
completed, supply of Inmetb^gai urn was suspended and the temperature of the Byfestrate was lowered* When 
the temperatura of the substrate became a room temperatyre, the GaN board which ^spends supply of 
ammonb and nitropn and bas the obtained GaN epitaxial growth layer was picked out torn the 4m^> 



[O03SM§ a result w mmmmng the carbon oonoaiitratlon in GaN film 202 which carried out gsrbon doping about 
the obtained nltrofen compound semiconductor laminated material' using a sacondaryHon^ma^ 
{SIMS} device, the chart as shown m ^MMMlJ^^ obtained, The carbon concentration in tha layer oon^amed 
was abbreviation 1x10 2x *c$rC*, In the above^^ reason the growing temperature of the G&N 

film, which doped oerbon Is lower than the growing tampemture of the GaM film which Has not doped carbon Is 
for doping oarbon effiater^tly. When growing temperature was raised and oarbon was doped, iim Quantrty of the 
carbon tetrabromide to mtroduoe needed to be increased On the oth©r hand, when lowering growing 
temperature and doping o&rboa the quantity of the carbon tetrabromye to btroduoa was able to he reduced 
Surf aoe roughness Ra of the surface of obtained GaN Mm 204 was about 5 nm, 

03839] On the GaN board obtained in example 2 Example 1, the carbon doped layer and the GaN epitaxial growth 
layer were formed, and the light emitting: diode (LED) as shown m <$mmm$m it produced. Hereafter, a 
manufactynng process is desmbed, referring to drawingj. 

[Q04tfj£%si< m order to give n type conduotMty to a GaN hoard, In accordance with the oonyentbnal method, SI 
was doped to the substrate as an Impurity, An electrode can be formed in the lower part of a substrate by this, 
and It 1$ elfeetsve m extraction of light eto. The SMope GaH board 102 which has conductivity was set Jn the 
yOVOD devtee, and temperature up was carried out to the temperature of 800 over the time for about 15 
minutes Jke tho (SalM film mentbned above, passing: a part for 5000 oo of nitrogen part [ for /] and 1000 oo of 
hydrogen/. At that time, when temperature exceeded 400 so thai GaN might not decompose with heat 
ammonia was Jntroduoad by 40S0^cc the few for /, When temperature amounted to 800 : ** v trirnethylgaOlurn 
CTM8) was Introduced by 20mferompl/as a raw material for the 3rd group element* carhon tetrabmmlde (GBr^) 

was Introduced hy the How for SOmioromoI/as a carbon material, respectively and QaM film 103 which carried 
out earbon doping was grown ..up into a thickness of about 20 nm. Then, supply of carbon tetrabromide was 
eu$ponded ! temperature yp of the temperature of a substrate was earned out to 1QS0 the amount of supply 
of tHmetbylgalliym was moreased to- a part for f OOmicromol/, and growth of GaM Mm Bp! was supplied the mono 
silane (SiH 4 5 by a part for Snmo^/and begun continuously, Thus, after growing up QaN Urn SOI about 4 

micrometers thick over 1 hour< supply of trteethylgaBium and a mono silane was suspended and the temperature 
of "the substrate was lowered to about ISO ^ When substrata temperature became 750 trimethylgaOiym and 
In raw material woro supplied and the luminous layer 902 which comprises three pairs of 
^0S Q %S5^^35 G %S3 N f <^ sd Then, suspend supply of trimethylgaiilum and raw material and: 
•t6mp*jrsiufe up oftfce growing temperature is again carried out to 1050 **, One by one, the carrier block layers 
003 which don§i# # aiuminnrn S 2 Ga 0 8 N of 30~nm thickness, and the p type GaN contact iayer 904 of the 0,3- 

micrometer thickness which has Mg by the concentration of 1x10 1S cm"*as a dopant for p type carriers were 
formed. Screw ethyioyciopantadieuyl magResium (EtGp2Mg) was used as a material: for doping Mg. 
Jrimethyiaiuminoni was used as trimethylindium arid A1 raw materia! as an In raw maieHal. Subsequently, supply 
of the 3rd group element raw material was suspended, substrate temperature was lowered to the room 
temperature, and preparation of the LEO layer system was ended. Surface roughne ss &s was 5 nm about the 
outermost surface of the acquired LED structure. Subsequently^ the required electrode was formed and the light 
emittmg diode was obtained In the obtained light emitting diode, the emission center wavelength was 460 nm. 
When the light-emitting surface was observed under the microscope, the inside of a field was emitting light 
uniformly and the emission unevsnness sf Intensity and a color was not able to be observed, 
[004!]ln the one comparative example comparative example, without forming the QaH Mm which doped carbon, 
on the SaN board produced by the same method as Example 1, the GaM film of 4-micrometer thickness was 
formed directly, and, subsequently to an it top, the nitrogen compound semiconductor Ight emitting device was 
formed. Hereafter, a process is explained, referring to gVawmg i- The QaN board 201 set In the MOCVD system 
was heated to the temperature of 1050 ** over the time for about 15 minutes like Example t, passing a part for 
5000 co of nitrogen part [ for /] and 1000 cc of hydrogen/. At that time, when temperature exceeded 400 ** so 
that Q&H might not decompose with heat, ammonia was Introduced by 4000-cc the flow for /. When temperature 
amounted to 1050 **« trlmethylgalli urn (TMG) was Introduced by the -Oow for tOSmisromol/ae the 3rd group 
element raw material, and growth of undoped GaN: film 212 was started. The unevenness by projeetlors suited the 
tendency which increases little by little as many projections of 8 pyramid shape had generated th« : -«iy : o£s«& Ga^l 
film from the early stages of growth and growth time passed (21 3). When this unevenness became a fixed value, 
it did not increase more than it. Thus, GaN film 214 about 4 miorometers thick was formed over 1 hour. After 
growth was completed, supply of trimetbyigalllum was suspended, and the temperature of the substrate was 
lowered. When the temperature of a substrate became a room temperature, supply of ammonia and nitrogen was 
suspended and the QaM board was taken out. Surface roughness Ra of obtained GaM film 214 was about 80 nm 



without the oahbon doped layen 

[0Q42]Mexi > i&e Example 2> LED structure was formed on the GaN film* subsequently the electrode w&s formed, 
md the light amlttmg dbde was attained Many projections of 6 pyramid shape had ocourred in the surface of 
obtained LED, and surface roughness Ra was about 30 nm. The emission center wavelength of obtained LED was 
4§0 nm. When the iight^emlttlng surface was observed under the mi orosoope, in the field, the intensity 
nonunifbrmity and color unevenness which are considered to be dependent on the shape of a projection ware 
observed, 

[Q043]M example 3 this example, before forming a carbon doped layer, the QalM board was heat-treated at the 
elevated temperature, Hereafter, a process ,1s ; explained, referring to drawing 4 After grinding level the rear faee 
of the GaN hoard .produced like Example 1 using the H-VPE method using diamond powder, it was washed using 
acetone and athanoL Temparaturs up of the substrata temperaiore was earned out to fQDf) ■** over about IS 
minutes, having introduced the substrate 201 Mo the MOCVO system and passing a part for ammonia 
SQOOce/wltfl a part lor 5000 ec of hydrogen/. The saibstrate. was heat-treated after tepperature up for about 10 
minutes, holding substrate temperature at J'CSOO-*** Then, the temperature of 600 .## was made to lower the 
temperature over the time for about 15 minutes, suspending supply of hydrogen, pouring nitrogen by a part for 
500G~0c/ } and pouring ammonia by a part for 3OO0~ee/, When temperature amounted to 60S trimethy Igafisum 
.(TKK3) was mtrodueed by the flow for SQmicromo^as the 3rd group element raw materkl, carbon tetrabromida 
CGBr^) was Introduced by the flow for Smloromol/as a carbon raw materia^ . reepe oifveiy* and GaN film 202 which 

carried out carbon doping was formed by a thickness of about 20 nm> Then, supply of carbon tatrsbromide was 
suspended temperature up of the temperature of a substrate was carried out to 1 050 ft the amount of supply 
of trlimethylgallium was increased to a part for IQQmicrornof/ and growth of GaN film 203 was started 
oontmuou sly, Thus, GaN film 204 about 4 micrometers thick, was formed over 1 hour. Subsequently, supply of 
tnmethylgaium was suspended and the temperature of the substrate was lowered. When the temperature of a 
substrate became a room temperature, supply of ammonia and nitrogen was suspended and the GalM film was 

taken outv The carbon ooneantratbn in GaN fife 202 which earned out carbon doping was 1x10 cmT* m a 
result of the analysis which used the secondaryHoo^mass^speotroscopy (SIMS) device. The reason the growing 
temperature of the QaN film which doped carbon Is lower than the growing tempBratoro of tha GaN film which 
has not doped carhen is for doping carbon efficiently, Sn order to raise growing temperature and to dope oarbon, 
it is necessary to increase the quantity of the carbon tatrabromide to introduce. On the other hand if growing 
temperature is lowered and carbon is doped the quantity of the carbon tatrabromide to introduce can be 
reduced. 

[0044] Surface roughness Ra of obtained GaN film 204 was ahmi 5 nrn. The dfepiay flatness of this surraee is 
food, GaN Mm 204 does not Have substantially a minute crack or rearrangement, and inflyenoB of a polishing 
flaw, and formed the mom durable surface, By heatH^eatment of the GaN board under existence of hydrogen 
and ammonia, the rearrangement of the substrate outermost surface arose and it was thought that the crack 
and the rearrangement might disappear mostly. This heat^treatmant can ba effectively performed in the 
atmosphere containing ammonia and it Is still more preferred that hydrogen exists. It was also checked that the 
propagation to GaN film 204 of the minute unevenness which exists in the surface of $ QaN board is controllad 
in addition to disappearance of a minute crack or a rearrangement 

|0D4S]The effect by Heat-treatment of a substrate may originate In carrying out the rearrangement of the atom 
of a substrate face, and extinguishing a minute crack, a rearrangement uneven ness, a crack, etc, in rel&thmly 
high temperature/The further experiment showed that this effect was acquired by heat treatment at the 
temperature of 4§0^i 100 ^ Inactive gas, such as nitrogen, may be added to the mixture of ammonia or 
ammonia, and hydrogen about the atmosphere of heat treatment. Nitrogen may be used instead of hydrogen. 
However, whan nitrogen concentration became high, the tendency whose substrate face is ruined was suited. As 
for ammonia concentration, 1/2 or less [ of the. whole atmosphere j Is preferred, and 1/10 or fess is mora 
preferred If am mmm concentration becomes high, a dumplingHike aiudge wiil beoome h easy to be formed In a 
substrate faoe. On the other hand, when ammonia concentration is low, nitrogen hecome$ easy to faO out from a 
substrate* and surface roughness may arise, 

iOG46]!n exampie 4 this example, the kind of InteHayer containing carbon investigated the influence which It has 
on the surface smoothness and the luminescent character] stio of a fight emitting devfct which are acquired On 
the GaN board produced by the same method as Example 1, the QaN film about 4 micrometers thick was formed 
via the interlay er containing carbon of 26~nm thickness, The introduotlon amount of carbon tetrabromide was 
oontroiled and the carbon doping quantity in an Interiayer obtained two kinds of Jaminated materiaf which m 1x10 
18 om^ and 1x10 ^onf s * respectively* The GaM film was grown up on the substrate for comparison, without 
introducing carbon tetrabrornide. Using In^Ga^N and A1 Ga-,- N as an tnterlayers nitrogen compound 



semiconductor; the value of x and y was changed In 0J5>-x>"0 and t>~y>^ and the presentation was adjusted. 
Among these, mnm regulation of a presentation would become difficult if growing temperature is fifgh when 
manufacturing the IN Ga* N- fim containing carbon, it grew up at 700 As A I raw materia^ tHmethyblumimim 

(TMA) was ysad and tnmatbylindium (TMi) was used as an in raw mat^Hal The surface roughness of the Gaff 
film obtained eventually was measured,, and the relation of the presentation and surface roughness of an 
interiayer oont&y ng carbon was evaluated The obtained result is shown in imMM...l.^d dr^ng„8, When a 
GaN film is grown up via At Ga« . N (1 >^y>^0) which contains oarfeon obarfy when drawing;?. Is referred to> it 

turns out that urnvmrnm of the surface of this GaNfsfm is reduced However* If At composition ratio exceeds 
0,3, when the mt@rfayer$ itself resistance wyrbeoome high and will form a light emitting device it becomes 
diffi^iilt to form- an; electrode In substrate lower part. If an interlay era At composition ratio becomes high 
when using. a GaN hoard, a crack eta m&y oocur in " "tHe; iwt»H^^«r" itself - and it vyi become easy to generate the 
rearrangement under the influence of lattice mismatching* Since they extinguish the career resulting from 
luminescence, th® : luminous efficiency of a light emitting device .may fall,. Although carried out whan using-. A 1 
^Ga.^JN for .** and Mi interiayer and forming a light emitting device on it, A1 composition raib desired is 0,3 or 

loss. On the other hand. If In composition ratio is 0.35 (k<=0,35) or fess when using IN^Qa^^N for an btaHayer 

as shown in ^rawing. 8, surface surfaoa smoothnoss will improve notably by an mterbyer's operation. However* It 
Is In the tendency which surface roughness increases generally, and an InteHayer's effect can become thin as In 
composition ratio increases. The surface roughness and emission unwenness of a iighi emitting device which 
am obtained have remarkable correlation, and the large light emitting device of surface roughness shows .the 
tendency for amission unevenness to become large. 

[0Q47]In example B this example, the mtedayer's thtokness Investigated how the surface roughness of the GaM 
film which grew epltaxiaiiy on it, the surface roughness of the light emitting device formed on It and a 
luminescent characteristic would be affected. QaU or AIM was used for the interlayer; The mtarbyers carbon 

concentration was fixed to 1x10 ^cm^ and the InteHayers thickness was changed. Like the above, the 
mteflayer -of various thickness was formed on the GaN board, and the GaN- fiim about 4 micrometers thick was 
grown epit&xiaOy on it Since an interiayers thickness became thick in proportion to produotlon tsrna, It 
controlled thickness by adjusting production time. Surface toughness Ra was measured about the obtained 
iammatsd material The thickness of the QaM film and AiN film which are mteriayers, and a relation with surface 
roughness are shown in drawing 8- The surface roughness of the laminated material in which it is obtained by 
providing an interiayer in any [ of GaN and AIN ] ease is small In particular it turns out that surface rDughness 
is small notably in the range whose thbkness of an interiayer is 5 nm ™ §00 Mm, Like Example 1. the %ht 
emitting device was produced and the luminescent characteristic was evaluated. As a result the emission 
unevenness of surface roughness and a light emitting rfevfc as for the krge 

light emitting device of surface roughness, the result which becomes large in emission ^nevenness was obtained 
When a quantum well was used for a luminous layer, the tendency for luminescence intensity to become stable 
most strongly In 10 nm - 280 nm or less especially in an inteHayers thickness was seen v It was surmised that It 
was because nitrogen compound semiconductor luminescence ¥asMke*s surface onevenness formed on an 
Interiayer becomes the smallest a quantum welHs formed uniformly and the improve efficiency of luminescence 
m brought about in this range, 

[0048]In example 8 this example, the InteHayer's carbon concentration investigated the influence which it has on 
the surface of a GaN film:, the surface of a tight emitting device, and the characteristic, The foHowmg two sorts 
of methods were compared as a method of controlling an tnierfayer s carbon concentration. It is the method of 
one method fixing temperature when forming an interiayer, and changing the addition of 4 carbonization bromine 
which is doping maferiais, and another method is the method of changing temperature when forming an Interiayer 
and making regularity the addition of 4 carbonization bromine which is doping materials. 
[0048lFirst } the former method is described. Temperature up was carried out to the temperature of 700 
having applied the question at the time of about 15 minutes, having introduced the GaM board into the -MOCVD 
system and passing a part for 5000 oo of nitrogen part [ for /] and 1000 cc of hydrogen/. At that time y when 
temperature exceeded 400 *# so that GaN might not decompose with heat, ammonia was introduced by 4000^cc 
the How for /, When temperature **{ed) at 700 ■■**, the GaN film which introduced TMIG; by SOmicramo!/, 
introduced OBr^ by the flow for w 200mieromo!/by Q^micromo!/ respectively, and carried out carbon doping by 

various concentration was formed by s thickness of about 20 nm. then — suspending supply of GBr 4 , carrying 

out temperature up of the temperature of a substrate to 1050 ^^/inorea sing the amount of supply of TMG to a 
part for lOOmloromol/, and beginning growth of a OaN film, continuously — 1:00 question — It applied and the 
GaN film about 4 micrometers thick was formed. Subsequently, supply of IMG was suspended and the 



temperature of the substrate was lowered When the temperature of a substrate became a room temperature, 
•supply of ammonia and nitrogen was suspended and the GaN board was taken out The GaN film was grown up 
on the substrata for comparison, without supplying CBr 4 In %B Bb^m^tnmiionM proofs. About the obtained 

lammated maianal the Interlayar's carbon concentrator was measured using SIMS, As a result the interlay efs 

carbon concentration suited the tendency which increases In the range of 1x10 cftf^ w 1x10 dm as the 
quantity of 08r 4 to add mere&sed> The value below the detection limit of SIMS was made into the concentration 

0, The re suit (701) of having measured the surface roughness of tNe obtained GaN film m shown m ^MMM- 
[0050] Next, how to change the temperature at the time of interlay ar formation, and control carbon concentration 
Is shown. Temperature up was earned out to the temperature of 500 0 ^ 1Q0Q ** over the ikm for about 15 
minutss f having introduced the <3aN board Into the MOCVD system and passing a part for 5000 m of nitrogen 
part [ for /j and 1 000 m of hydrogen/. At that time, when temperature exceeded 400 m that GaN might not 
decompose with heat, ammonia was introduced by 40G0^oo the flow for /. When the substrate r^aohed the 
preset temperature between §Q0~IQQG the GaN film which introduced TMG by 20mbromd/ f Introduced €Br 4 

by the flow for 20mioromol/ ; respectively, and carried out carfeon doping by various odnaentratiori was formed by 
a thickness of about 20 nm* One sample which has not added OBr^ was also produced for comparison, Then, 

supply of CSr^ k suspended, the temperature of a substrate Is raised to 105Q*#> the amount of supply of TMG 

is increased to a part for lOOmicromo!/, and the GaN film was grown up continuously, Supplv of TMQ was 
suspended and the temperature of the substrate was lowered, after forming a QaN Mm about 4 mksrorneters 
thick over 1 hour, When the temp arature of a substrate became a room temperature, supply of ammonia and 
nitrogen was suspended and the GaN hoard was taken out About the obtained laminated materia^ tbe carbon 
conGentratbn in an inteHayer was measured using SIMS, As a result carbon concentration surtad the tendency 
which increases In the range of 1x10 i8 errP* ~ 1x10 2< cm^ 3 as the prasat temperatum at the time of doping 
became low. The value below the detection limit of SIMS was made into the concentration 0. The result (702) of 
having measured the surface roughness of the obtained GaN film is shown In d|^w|ngJJI 
[QOSljffc turns out that the surface smoothness of the surface of the GaM film obtamed from drawing 10 
compared with the case where carbon concentrate does not add carbon in the range of 1x10 s: cm ~ tostQ 
21 orrf 3 Is Improving cbarly, if carbon concentration exceeds 0 ^cnr\ surface roughness wi!S carry out the 
increase in until oomperable with not having earned out carbon doping, impurity' concentration of this increases 
too much and it Is considered to be because for the crystal Hnity of the GaN film Itself to Have been spoiled. 
When these tendencies compare the ourve 701 and the curve 702 in drawing 10, it turns out that it is not 
dependent on an intariayers grawmg temperature, and is dependent only on carbon concentration, 
[OOMjAbout the obtained laminated material Ilka Example 2. the Hght emitting device was produced end the 
luminescent characteristic was evaluated> fe a result there is remarkable correlation In surface unevenness and 
the emission unevenness of a light emitting device, and, as for the large light emitting device of surface 
unevennese* the result which becomes large in emission un evenness was obtained. 

[0053jln a series of examples mentioned above, the thick film GaN produced fey the method was used as 

a substrate. However, the effect that this invention is the same also about the GaN board of the thickness over 
20 micrometers produced using other the methods, for example, yQSVD method, is acquired. As kmg as it rs 
single crystal membrane, not only GaN but AIN etc, may use other nitrogen compound semiconductors. Simoon 
(SIX oxygen (O), magnesium (MgX hydrogen (Hi chlorine (GD, and bromine (Br) z\m (Zn) arsenic (As) Lynn (P)> 
selenium (Se)> ate. may be Included in the nitrogen compound semiconductor board as m Impurity, 
[0054]!n exampb 7 this example, the jaser diode was produced via the carbon dope GaN film on the Gaf^f board, 
Hereafter, a process m mplmmd, referring to dra^gjj* By the same method as Example t after growing yp a 
GaN thick film on silicon on sapphire by the H~VPE method, both sides of the obtained thkk film were ground 
and the GaN board 192 was produced. In order to give n type conductivity to a substrate in the case of thick 
film growth, si con (Si) was added as an impurity so that It might become the c.onoentr&tbn of StflO ' u cm : - , Si 
addition of the above-mentioned concentration was possible by introducing this during growth by a part for 
about 100-cc/usmg the dlohlomsilane CSjH^Ot 2 5 diluted with nitrogen to 100 ppm as a charge of Si addition 

material The obtained OaN board 102 was introduced into the MQGVD system, and GaN film lOl whteh contains 
carbon by the concentration of 1x1 0 20 om^ s which has a thickness of 20nrp by the sarne method ^s:. Example I 
wai formed at 800 after that. Then, temperature up of the ternperatyre was carried out to 1050 ^ and n 
type GaN film 104 which contains Si by the concentration of 1x10 ^om" 3 was. suoceedinily formed by a 
thickness of 3 mfcrometers. Si addition of the above-mentioned oonoantratbn was attained by introducing this 



into 100 .pg*n by a part for 10~ce/as a means to add St using the mono sHane (S1H 4 ) diluted with hydrogen, white 

growing up. Next bwer growing temparatura to 800 and the %§g^%§g^ ffe 105 which doped by 50~nm 

thickness Is grown up in ordsr to reduce a crack Then, growing tempefs^re was again raised to 1050 and n 
type A! 01 Ga os N in which the QJ~m$erometer thickness used as the n type clad layer tOi earned out Si doping 

was made to deposit As an In raw mstenal, tnmethyy uminym (7MA) was used as trim^thylmdiym (JMQ and an 
aluminum ram meterial. The n type GaM light guide layer 107 of 0,i^mfemmeter thickness is grown up after 
growth of the n type dad layer 1 OS, growing temperature was lowered to 750 and the luminotis layer 108 
which comprises thme pairs of lii 8 og Ga 0 gg N/1^ s .g<3%^N was grown up. Raise growing iamperaltre to 1050 ^ 

again* and one by one. The oarrbr block layers 109 whiqh oonslet of AI^Ga^.^ of 30^nm tHiolcnees^ the ;p type 

Qali light guide layer 110 of the 0, 1 -micrometer thickness which has a p type carrier of 1x1 0 1 %tff d which 
6op%4 ^g t The p type G$N opntact.iayer 114 In whbh 111 or GJ micrometer of p type AlgjGa^gH oteddmg 

layer thickness m whteh SJ-miorometar thickness carried out Mg doping earned out f%. doping was grown up. 
Screw ethyloycfopentadlanyl magnesium (EtGp2Mg5 was used as a charge of Mg^additfen material It towered to 
the room temperature lite Example % arid manufacture of the bipolar membrane whioh has laser layer structure 
was ended. In the acquired laser structure, surface roughness Ra of the top layer was abotit. § nm. About thg 
acquired laser layer structure, by the photolithography and the reactive^bn- etching method, a part of p type 
contact layer and p type clad layer ware etched, and the 3~roiorometer-wide ridge was formed. Then, the 

film 112 was selectively coated as an bsuietor layer, tha electrode 1 1 3 for p type contact which consists of 
Au/Pd was formed and the electrode 101 for n type oentaot which consists of alumm&ni was formed in the rear 
face of the substrate 102. Cleavage was performed so that it might bacome the cavity length of about 500 
micrometers, and the laser device was -obtained The threshold voltage of the obtained laser devfee was 6V t and 
threshold current was 50 mA, For comparison, laser structure was formed by the mathod mentioned above on 
the direct GaN board, without passing the OaM film containing carbon, and the laser deyice was obtained 
Surface roughness Ra of the outermost jayer in the acquired laser structure was 20 nm. The threshold voltage 
of the obtained laser device is 8V, and this is a value almost equivalent to what has a carbon dope Merfayer, 
However, the threshold current Is 80 mA and this is higher than what has a carbon dope Interlayer. As a reason 
to : which threshold current became high, that distribution of the light which spreads the Inside of a laser device 
becomes large, and when the surface roughness of a laser structure film becomes jerge, and membranous 
surface smoothness fall, it is possible that distribution arises on the luminesconce intensity and wavelength 
within a field, and emission unevenness arises. 

[OQSSjAIso about thfe Bght - -^mittljig ' dli^ci^ (LE ; D)y the surface smoothness on the surface of a diode was able to 
be raised by tbeinterlayers formation. And the luminous intensity distnbutbns within a yght^emitting surfaoe 
and luminous wavelength distribution :d6.c.reaee&. If there is especially ynevennass in the case of a light emitting 
diode, tha difference with a luminous wavelength of not lass than § nm has arisen in heights and a crevice. By 
raising surfaoa display flatnsss. bminous effidency became high and the half breadth of wavelength became 
narrow, 

[OOoSjln the example 8 above-mentioned example, the freestanding <3aM board produced. ..by removing silicon on 
sapphire was used However, to the improvement of surfece roughness, a substrate freestanding as the 1st 
crystal layer is not necessarily indispensable. For example, as shown in drawing 12, the 20^micrometer"thiok 
GaM board layer 102 was formed on the sapphire 110, the laminated structure was formed fay the same method 
as Example 7 on it and the laser devfes was obtained In this structure since n eleotmde was not able to be 
provided on the OaN board. layer 102, by reactive ion etching, it etched exposed n typs? GaM film 1CH&1 was 
deposited from the surface to n type GaN film 104, and the elebtro.de 101 for n type contact was formed. The 
threshold voltage and thrashofd current of ..the laser device which were acquired: were almost equivalent to the 
iaser deyioa of Example 7. 

E005?jThe system of the optica! pickup was constituted using the semiconductor laser obtained in example S 
Example 7, Since the laser used had few luminous intensity distributions in an element as laser which used the 
nitrogen compound semiconductor, it h&e formed thex : stabie,far field pattern and near-nafd pattern of the 
characferietiCv The optical pickup system using the laser by this invention showed the better characteristic in 
reading accuracy and wrlteHn accuracy rather than the optical pickup system which used the conventional 
nitrogen compound samiooftduetor laser, The optical pickup by this invention is preferably applicable to record 
and playback of archive madia, such as CD [ of a personal computer 1 CD-R, and GD-R-RW, a game machine* a 
mo¥ie ? a digital videodisc, etc, of an archive medium, 
[0088] 



[Effect of the ^vei^ohjAccof^Shg'tQ this invention, the surface smoothness of the surface of a nrtragen 
compound semiconductor eiemani oan be ralsad Light emitting deyfees which use this invention, such as a 
semldonrfuctor laser and a light emitting dbda, can show the characteristic which could reduce threshold 
current, therefore was-stabilfead In: the light emitting device using this Invention, distribution of the Intensity 
within a ht^emitting surfeoe and wavelength can fee reduced, If the laser 4 mm ■ fey this mvantbn Is used form 
optical pickup system* the reading and. write-in accuracy can be raised. 
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* NOTICES * 

*JP0 mi fNHT are .■net r&^o^ible for any 
dasisg^ caused 'fey the use of this itansMioa 

1 .This document has been translated by computer. So the translation may not reflect the origin^ precisely, 
■5L**** shows the word which cm not be translated. 
3Jn the drawings, any words am not translated. 

DESCRIPTION OF ORA^IMQS 
[Brief Description of the Drawings] 

[Drawjngjjlt is an outline sectional view showing one example of the nitrogen compound semiconductor 
feminated matiriat fey this invention, 

[Drnwing J0n the nitrogen compound seratetrndyotor laminated material by this ^nwntlon, JtJs a SIMS analysis 
chart which shows an mterfayer's carbon concentration distribution. 

[Drawrng SlIt is a schematic diagram shewing the process for specifying an UTterlayer's thickness from a SIMS 
analysis chart. 

[Drawing 4]|t is an outline sectional view showing the process, of manufacturing- the; nitrogen compound 
semiconductor laminated material by this invention, 

[Or#vmg,§|t is an outline sectional view showing one example of the light emitting device by this Invention. 
^Drawing Slit is an outline seotlcnarview showing the conventional film formation process, 
[Drawing. 7]It is a figure showing the relation between an hteHayer s A1 composition ratio and the surtace 
roughness of the structure obtained. 

[Drawing Hit is a figure showing the resati on between an intedayer s In composition ratio and the surface 
roughness of the structure obtained. 

[Drawing ;8}It is a figure showing the relation between an inteHayers thickness and the surface roughness of the 
structura obtained, 

[DramngJ Ql& & .figure showing the relation between an intaHayers carbon concentration end the surface 
roughness of the structure obtained, 

[Drawing., j ljlt is an outline seofenalview showing one example of the semteonductor kser by this invention, 
[Drawing J 2jlt is an outline sectional view showing another example of the semiconductor laser by this invention, 

[Description of Notations] 

10 Nitrogen oompound. semiconductor laminated material and 11 The I st .crystal feyer m& 12 InteH^yer, The IS 
2nd crystal layer, a 101 n contact ebotrode,: and 1 02 Nitrogen sqmpound seniioonduotor board, 103 A nitrogen 
compound sembonductor film [ containing carbon % 104 n~type GaN film, and IDS *N a g 5 Ga 095 N crack 
prevention layer, 108 An type Al Q ^Ga Q g -N cladding layer, a 10? nHype GaM light guide layer, 108 The luminous 
layer which consists ®?M Qm ^^ A 1 11 M^b^U carry ASUeOZUKU layer, 110 p~type 

Q&H light fufde ^ayer* and p type Ai 0 t Ck og N cladding layer, a 1 12 Sft> 2 Insuiator layer, a 113 p~type contact 
electrode, 114 p type GaN contact layers. 
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